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Subject8 Bulge and leakage of the rubber seals  f o r  t h e  con%raction 
joints  of the steel-lined concrete pipe, Schedule No. 2, 
Specifications No. all--Soap Lake (inverted ) Siphon- 
West Canal--Columbia Basin Project 

PURPOSE 

To determine the amount of bulge and leakage cf the above rabber 
s e a l  when subjected t o  Soap Lake Siphon head (225 f e e t  ) and with l/2-inch 
and l- inch clear openings a$ the contraction joints of the steel-&inad 
concrete pipe. 

CONCLUSIONS 

1. The amount of bulge of the rubber seal a t  22S-forrt hydrostatic 
head, with and without the e l a s t i c  f i l l e r s  behind t he  seal, and a t  1/20 
inch clear opening a t  the pipe joint is as fol lsns (see Figures 3 and 8): 

Self -expanding cork f i l l e r  
Pine wood f i l l e r  per  SpecFfications No. 2 b l l  No f i l l e r  

0.48 inch 0.74 inch 1.29 inches 

The bulge increases t o  0.90 inch using the cork f i l l e r  per Specifi- 
cations No. 24ll and at hydrostatic head of 370 fee t ,  which was the xnaxi- 
mum head f o r  the t e s t  equipment. Using t h e  same cork f i l l e r ,  the bulge 
increased approximately 0.2 inch for all heads a f t e r  the s e a l  had been 
subjected t o  a hydrostatic head of 171 f e e t  f o r  120 hours (Figure 8). 

2. The amount of bulge of t h e  rubber sea l  a t  225 f e e t  of head with 
a self-axpanding type of cork f i l l e r  (not conforming t o  Specifications No. 
2Lll) behind the seal  and at 1-inch c l ea r  pipe joint opening is  1,31 inches 
( F i ~ e  7). 

3, 'Jisual observations dfsclosed no wat,er leakage at t r tbutable t o  
tho seal. d e s i ~  during any of the  tes ts .  



e l a s t i c  f i l l e r  with-mort ar . 

! INTRODUCTION 

This report  concerns the  rubber s e a l  used a t  t he  contraction . 
j o in t s  of t h e  steel-l ined concrete pipe, Schedule No. 2, Specifications 
No. 2411, i n  Soap Lake (inverted) Siphon which is  a p a r t  of the  West 
Canal i n  t he  Columbia Basin Project  (Figures 1 and 2), Large s;:pansion 
j o i n t  c l e a r  openings existed during t he  l a t t e r  stages of construction 
due t o  law winter temperatures encountered before the  pipe l i n e  was ear th  
covered. Also, t he  pipe l i n e  mas t o  be f i l l e d  wi%h water during the  spring 
of the  year. These f a c t s  made it probable t h a t  t h e  contraction j o in t s  
would be subjected t o  Soap Lake Siphon head vrith c l e a r  openings greater  
than t he  normal 1/4 inch. Theref ore, t he  Canals Division requested t h a t  
t e s t s  be made t o  determine the  amount of water leakage and s e a l  bulge 
with  c lear  openings of 1/2 inch and 1 inch a t  t h e  contraction joints.  
More emphasis was placed on the  1/2-inch opening since this amount was 

I more representative of opening observed i n  the  f i e l d .  The rubber s ea l s  
used i n  t h i s  study represent a section from a t yp i ca l  s e a l  as used i n  
t h e  contraction j o in t s  of the  22-foot 4-inch steel-l ined pipe l ine .  The 
maximum head a t  t he  lowest point  i n  t he  siphon i s  225 f e e t  of vrater, 

DESCRIPTION OF THE CONTRACTION JOINTS 

k section drawing of a contraction j o in t  f o r  t he  22-foot 4-inch- 
diameter steel-lined concrete pipe as used i n  t he  Soap Lake Siphon i s  
shmm i n  Figure 3. The jo in t s  are made by forming concrete on one s ide  
of the j o in t  and allowing it t o  s e t  before concrete i s  placed on t h e  o ther  
s ide  of the  joint. The surface of the  concrete f i r s t  placed at the  con- 
t r ac t i on  j o i n t  i s  coated with a sealing compound except t h e  surfaces 
against  which the e l a s t i c  f i l l e r  contacts. The s e a l  coat  i s  applied be- 
f o r e  the  concrete on t h e  other s ide  of t he  j o i n t  i s  p l r  :ed. The e l a s t i c  
f i l l e r  i s  dehydrated cork studded with copper nai ls .  The cork i s  held 
securely by the  copper n a i l s  against  the  previously placed nonhardened 
concrete before the concrete on t he  other s i de  of +.lie j o i n t  is  placed. 
The dehydrated cork conforms t o  Federal Specification HH-F-341, Type I1 
(self-expanding), and it is  furnished i n  s t r i p s  not l e s s  than two f e e t  
long, Two raws of 3/4-inch-diameter stud b o l t s  spaced circumferential ly 
on &inch centers are  tapped and welded t o  the angles of t he  s t e e l  l i ne r ,  
Clamp p l a t e s  are of lengths convenient f o r  i n s t a l l a t i on .  Open j o i n t s  
between the  ends of the  clamp p l a t e s  are  1/& inch or  l e s s .  Pneumatically 
applied mortar i s  placed i n  t h e  contraction jo in t s  of the  steel-l ined 

I) concrete pipe t c  the  dimensions shown in  Figure 3, Convenient lengths 
of wire mesh are  enbedded i n  t h e  mortar. 

The rubber s e a l  is  a s ing l e  s t r a igh t  s t r i p  1/2 inch t h i ck  by 
7-1/2 inches wide. The s t r i p  i s  spliced t o  form a closed r ing  at t h e  
contraction joint .  One-inch diameter holes a r e  e i t he r  molded or cut  on 



6-inch centers  i n  two rows, t h e  rows being 4-3/4 inches a ~ a r t .  The holes 1 
i n  the  s e a l  are l a r g e r  i n  diameter than t h e  3/4-inch st 
i t a t e  t he  i n s t a l l a t i o n  of t he  s e a l  i n  t he  event of misalignment. The 
rubber s e a l  i s  f i t t e d  over t he  3/4-inch stud b o l t s  and then clamped t i g h t  
against t h e  jo int  angles by pla tes .  The rubbexi s e a l  i s  fabr ica ted  from a 
high-grade, tread-type compound made of new planta t ion rubber, re inforcing 
carbon black, zinc oxide. accelerators.  antinxi dnnf.n - vulcanizine agents. . - I - - I  -- ----------- 

U - a  

copper inh ib i to rs ,  and p l a s t i c i ze r s ,  but contains no' f act ice .  ~ c e  com- 
pound, according t o  Specifications NO. 2411, shall contain not  l e s s  than 
72 percent by volume of new plclntation rubber and has t he  following physi- 
c d  charac te r i s t i cs .  The p h y s i c d  charac te r i s t i ce  o f h h e  Gates Rubber 
Compa~y sample, t h e i r  Compound No. 1564, used i n  t he  tests are shown f o r  
comparison: 

Character is t ic  

Tensile strength,  psi ,  m j n .  

Specif icat ions  
No. 2h11 Gatesr sample 

3,300 3rSoo - - -  
Elongation at-break, percent, mine 500 500 
Shore durometer ('i'y-pe A )  60 t o  70 60 t o  70 
SpecFfic gravi ty  1.15 + 0.03 

5 
1.Q 

Absorption of water, by weight, 3.7 
percent, pin, 

Compression s e t  (constant def lec t ion)  30 23 
percent of o r i g ina l  deflection,  
ma. 

Tensile s t rength a f t e r  oxygen bomb 65 80 

i aging (43 hours, 70' C, 300 p s i )  
percent of t e n s i l e  s t r e n d h  before 

The t e s t  f i x t u r e  consisted of n nrnsmra-t,i ~ h t  s t e e l  box of I/?- --- -- - =- ----- - 
I 

' - 0  -. -- 

inch s t e e l  p l a t e s  whose over- i l l  dL2ensfons were a ~ r o x i m a t e l y  2$ by st - 
by 5 inches, The f i x t u r e  accommodated a full s i z i  Leal sect ion 20 inches 
long (Figures 4, 5 and 6). Figure 5 shows a new t e s t  sample as we l l  as 
one i n  place i n  the f ix tu re .  The fixture was bolted between two cover 
p ia tes ,  approximately 28 by 7 by 1/2 inches, t o  provide greater  s t rength  
f o r  t h e  higher pressures, End clexps Tiere used i;o hold the ends of t he  
sanljle fixed (Figure 5) .  The 1/2-inch radius on the  erd of t h e  Long l e g  
of the  angle i r o n  (Figure 3 )  near t he  outside rubber seal  surface  was 
omitted on the f i x tu r e  because flatt-parting surfaces were required t o  s e a l  
t h e  end c lmps .  If no sl ippage took place  between t h e  s e a l  and the con- 

1 .  t r a c t i o n  j o in t  clamp p la tes ,  t h e  amount of c l ea r  opening at t h e  joint 
would represent the amount of s t r e t ch  i n  t he  rubber seal. However, dur- 
ing  these  t e s t s ,  slippage did appear t o  take place  between t h e  s e a l  and 
clamp pla tes ,  and, therefore,  t he  s e a l  was s t re tched less than t h e  amount 
of t h e  c l ea r  openine;. The f i x t u r e  was designed t o  t e s t  the  seal at clear 
contraction joint openings of 1/2 inch and 1 inch (Figure 6 ) ,  This was 



t h e  top p l a t e  and side pla tes ;  t he  holes f o r  the  posi t ion not i n  use 
-ryere plugged. A hand pump was u t i l i z ed  t o  de l iver  t h e  hydrostatic head 
t o  the  seal ,  and the  head was measured by a Bourdon pressure gage. Three 
needle valves were placed i n  s e r i e s  i n  t h e  supply l i n e  t o  insure  against 
leakage which would prevent holding t h e  pressure constant f o r  long periods. 
A petcock was placed i n  t h e  l i n e  t o  r e l i eve  t h e  pressure when desired. 
The e l a s t i c  f i l l e r  was held i n  place by th ree  s t e e l  brackets and a s t e e l  
angle plate ,  

TEST PROCEDURE AND RESULTS 

k 20-inch length of the  rubber s e a l  had 1-inch diameter holes 
cut  i n  it f o r  t h e  clamp p l a t e  3/4-inch diameter stud bol ts .  The s e a l  
was placed over t h e  stud b o l t s  with t h e  b o l t s  centered i n  t he  holes i n  
t h e  sea l .  The s e a l  was then clamped t i g h t  between the  clamp plates .  
No fixed torque was applied t o  t h e  nuts of t he  3/L-inch bo l t s  since t h e  
torque i s  not specified f o r  f i e l d  i n s t a l l a t i on .  The s e a l  was then 
s t re tched t o  correspond t o  t he  desired c l e a r  opening at t h e  contraction 
joint ;  the  end clamps and c w e r  p l a t e s  were i n s t a l l ed  and hydrostatic 
head was delivered t o  the  pressure compartment by t h e  hand puarp (Figure 
6) .  The head was increased from zero t o  110 p s i  (254 f e e t  of water), 
which i s  i n  excess of t he  Soap Lake Siphon head of 225 f e e t  (98 ps i ) .  
The amount of bulge at t he  center  of the  t e s t  sample was measured with 
a depth gage after each increase i n  pressure of 10 p s i  (23.1-f oot head). 
The r e su l t s  were plot ted t o  show t h e  amount of s e a l  bulge versus head 
of water, It should be noted t h a t  a decrease i n  t he  thickness of %he 
s e a l  occurs with stretching.  This decrease i n  thickness allows th.e 
s e a l  t o  s l i p  between the  clamp p la t e s  u n t i l  t he  s ea l  i s  res t ra ined bv 
the  3/4-inch stud bolts. This slippage can be s l i g h t l y  more than 1/1 
inch with good alignment at t h e  contraction j o in t s  because of t h e  d i f -  
ference i n  the  diameters of the  3/4-inch stud b o l t s  and t h e  1-inch holes 
i n  the seal .  This means t h a t  t.he amount of s t r e t c h  in the  seal i n  most 
cases w i l l  be approximately 114 inch l e s s  than the  c l e a r  opening a t  t h e  
jo in t ,  lYhen t h e  pressure was removed and t h e  c l e a r  opening reduced t o  
zero, the  s e a l  did not return t o  i t s  i n i t i a l  posit ion a f t e r  t h e  clamp 
plate-seal  sli?page had occurred, and the  s e a l  retained a s l i g h t  bulge. 

I n  t he  f i r s t  t e s t ,  t h e  amount of s e a l  bulge with a 1-inch 
c lear  opening a t  t h e  contraction j o i n t  was determined. The cork f i l l e r  
used in t h i s  t e s t  was of a self-expanding type but d id  not conform t o  
Specifications No. 21111 since t he  l a t t e r  was not available a t  the  time. 
The bulge a t  t h e  Soap Lake Siphon head (225 f e e t )  was 1.31 inches (Figure 
7).  A f i l l e r  conforming t o  Specifications No. 2411 vrns obtained and used 
in 2J1 subsequent t e s t s  except f o r  a test using a pine wood f U e r .  

The bulge f o r  a c l e a r  opening a t  the  contraction j o in t  of 1/2 
inch, using t h e  f i l l e r  required by Specifications No. 24l.1, was 0.74 inch 
a t  t he  Soap Lake Siphon headp 225; f e e t  (Figure 8). With t h e  same f i x t u r e  
assembly t h e  s e a l  was subjected t o  .a hydrostatic head of 171 f e e t  (74 p s i )  



0 , l  inch during the  120 hours. Aftor the seal had been subjected t o  the- 
74 p s i  f o r  120 hours, t he  bulge versus head was again measured. A oulge 
increase of 0.20 inch resul ted throughout t he  head range, The bulge at 
the  Soap Lake Siphon head increased from 0.74 t o  0.95 inch. . The sea l  
bulgo over year ' s  of t i n e  may become excessive even at c l ea r  jo in t  open- 
ings  of l e s s  than 112 inch. * 

test  was a lso conducted with the  e l a s t i c  f i l l e r  removed. This 
w a s  clone t o  givo some indicat ion of the  amount of r e s t r a i n t  offered t o  
bulge by the  o l a s t i c  f i l l e r .  The bulge at the Soap Lake Siphon head in- 
creased from 0.74 inch with t he  cork f i l l e r  t o  1.27 inches without the  
. f i l l e r .  

For the f i n a l  t e s t ,  t he  s e a l  was subjected t o  a hydrostatic 
head of 370 f e e t  (160 ps i ) ,  t h e  maxinun with the  equipment, and using 
the  cork f i l l e r  per !jpecifications No. 24ll.. The bulge at t h i s  pressure 
was 0.91 inches. Visual observations disclosed no appreciable water 
leakage during any of t h e  t e s t s  around t he  3/lr-inch s tud b o l t s  used t o  
clamp t h e  seal. 











Colmbla Basin Project--Washh&on 

D i a m a n t l e d  V i e w  of Test Flxture 
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HEAD I N  FEET OF WATER 

COLUMBIA BASIN PROJECT - WASMlNQiTON 

SOAP LAKE SIPHON - COMTRAGTION JOINT 
HYDROSTATIC HEAD v s  BULGE OF sEaL 

FOR ONE INCH CLEAR OPENING A 7  CONTRACTION 
JOINT OF STEEL-LINED CONCRETE PIPE 
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HEAD I N  FEET QF WATER 

COLUMBIA BASIN PROJECT- WASHlNGf ON 

SOAP LAKE SIPHON -CONTRACTION JOINT 
HYDROSTATIC HEAD V S  BULGE OF SEAL 

FOR ONE-HALF INCH CLEAR OPENING AT CONTRACTION 
JOINT OF STEEL-LINED CONCRETE PIPE 


